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WATERSHED AND WATER SUPPLY
VULNERABILITY, RISK ASSESSMENT
AND MANAGEMENT STRATEGY
GLOUCESTER, MA

1 EXECUTIVE SUMMARY

Overview

As a coastal community, the City of Gloucester has already experienced the impacts of changing
climate trends. Increased storm surge and sea level rise resulting in more frequent inundation
were the subject of prior recent evaluations. There are other climate trend considerations,
however. As part of a continuing effort to understand, mitigate and adapt to multi-hazard climate
risks, the City committed to identify potential climate change-related risks to its water supply and
watersheds and address them where practicable.

This study was funded through the Commonwealth of Massachusetts Municipal Vulnerability
Preparedness (MVP) Action Grant Program. The study purpose is to develop a climate change
ri sk assessment and management s and aeseevgirysysteno,
including its watersheds. The project assessed the potential impacts of long-term climate change
on the system including from drought, increased temperature, extreme precipitation, wildfire and
combinations of these hazards. It evaluated the effectiveness of different management,
operational, and infrastructure strategies to mitigate the identified risks to water supply reliability.
Findings provided the basis for recommendations that will contribute to the ongoing resiliency of

the system.

Stakeholder Process
City Stakeholders were represented by a core Working Group that included City of Gloucester
professional staff representing the Department of Public Works, Planning and Community

Development, Conservation, and the Fire Department. Also involved were citizens representing

s,
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recreational and land use interests. At an initial meeting of the Working Group, 14 project
objectives were articulated within five (5) major subject areas (see Attachment A):
Operations/Environmental

Public Engagement

Health and Safety

Land Use

Affordability/Cost

= =4 =4 =4 =

The project team kept these objectives in mind over the course of the evaluation. A public meeting
was held on December 12, 2018 to confirm these objectives generally and seek additional input
from the community as an element of the Public Engagement initiative.

Fundamental Questions
While other climate-related studies for the City of Gloucester have focused on coastal flooding
and other potential impacts of climate change, this study focused on addressing the following four

guestions:

1. Based on historic climate conditions, what are the current risks in Gloucester related to
water supply and wildfire?
What range of future climate conditions can we expect in Gloucester?
How could potential future climate conditions affect the risks to water supply?
What management alternatives can be applied or considered to reduce the risks of future

climate conditions adversely affecting water supply or wildfire potential?

Significant Findings

The most significant finding of this study can be summarized in three sentences: Future climate
trends are not likely to reduce the currently high levels of water supply reliability, but operational
changes may be needed to ensure that the water is in the right place at the right time. These
operational changes should also consider that future wildfires compounded by intense
precipitation events and warmer temperatures may increase erosion into the reservoirs, along

with the associated organic material and turbidity. These findings both point to a primary
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recommendation to focus on water treatment capacity and East/West system connectedness as

a primary means of providinglong-t er m resi |l i ence of Gl ouceste

More specifically, the findings are:

1)

2)

3)

4)

5)

The water supply in Gloucester is adequate and resilient under current climate conditions.
The six active and one emergency reservoir provide the City with redundancy and
operational flexibility; when one reservoir cannot be used, enough water exists in the other
reservoirs to meet the Citybds current dr
water in both the West and the East Systems, without having to rely on the water in the
emergency Fernwood Reservoir, which is limited in quantity and exhibits poor water
quality.

The water supply in Gloucester is vulnerable to future droughts and may not be able to
refill each year as reliably as it does today if climate trends tend toward the more extreme
conditions of warmer temperatures and less rain in the summer. Most reservoir recharge
occurs from September to May.

Although it provides greater storage volume overall, the West System is less resilient than
the East System. Under current operating protocols, withdrawals from the West System
are in the summer months when droughts are prevalent and the reservoirs in the West
Systems have small watershed areas and therefore limited recharge potential. In
combination, these conditions contribute to longer recovery periods, and less likelihood of
achieving full reservoir capacity over the climate change-modeled planning horizon.

The operating regimen/sub-system balancing has developed over time to reflect
functionality and configuration of the existing infrastructure, and water quality and quantity
within the respective reservoirs and sub-systems. Currently there is no raw water
connection between the East and West systems.Fi ni shed water i s
fused PVC pipes under the tidally influenced Annisquam River between the West
Gloucester Water Pollution Control Facility and Gloucester High School in East
Gloucester.

Although not possible with the current infrastructure configuration, the future risks can be
mitigated by reconsidering how and when each of the two systems are relied upon in the

future, and by keeping them more balanced throughout the year so that they draw down

ros wa
i nking
exchan
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and recover concurrently. Such an approach would require a means to convey and
transfer raw water between sub-systems, and not exclusively within each respective sub-
subsystem.

Analysis shows that the system should have sufficient water, but that it may not be in the
right place at the right time. Rebalancing the reservoirs could alleviate this vulnerability
but will require additional alternatives analysis to include existing infrastructure assets,

necessary new capital investments, and operating constraints.

Findngsbased on Ahighest preci pirdstdathedraught@lessnar i os

frequent precipitation scenarios that were the primary focus of the analysis) suggest that
under this condition reservoirs throughout the system will refill each year, but not
necessarily remaining at or near their full thresholds continually. However, estimated total
spillage from current conditions is projected to roughly double. These results are
volumetric on a monthly average basis, and do not include estimates for peak
instantaneous spill rates. That said, the estimated maximum monthly volume of spillage
from the system from this scenario is approximately 700 MG/month, which does not
appear to be too far beyond the range of the maximum estimated volume from recent
years. It just should be expected more regularly.

Much of the area of the City at greatest risk of wildfire was determined to be outside of the
reservoir watershed areas. Wildfire is still a major risk to water supply, however, as loss
of vegetative cover can lead to elevated turbidity. Both the consequences and likelihood
of a wildfire event can be mitigated through a program of prioritized tasks related to
vegetation/forestry management.

Within the watersheds, erosion risk was determined to be greatest at steeper slopes
typically proximate to the reservoirs. As a result, water quality impacts from erosion and
debris mobilization contribute to findings with respect to the value of water treatment

capability as a means of maintaining supply resiliency.

10) The City has management/operational alternatives that can provide greater resiliency than

currently provided. This study evaluated options based on prevalent water supply
management alternatives used in the industry, with some additional options based on

stakeholder input.
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11) This study has applicability to other small municipalities in the region, especially in
Massachusetts. The methodology used to estimate hydrology in this study (calculating
inflows into reservoirs using a regression relationship between precipitation and
temperature) can be replicated for other communities where streamflow data is not
available from USGS or other monitoring sources. The availability of statewide
precipitation and temperature climate projections facilitates studying the reliability and

risks of smaller water supply systems in the region and in Massachusetts.

Recommendations

This analysis addressed volume of drinking water within the Gloucester system without respect

to consideration of current treatment capacity and/or future treatment requirements posed by

modified operations. As presented in the report, several strategies can be employed to mitigate

i mpacts of c¢climate change upon the Citybés water su

we recommend the following:

Near Term Actions:

1. Update the existing Drought Management Plan to reflect understanding of current and
near-term future conditions; continue implementation of demand management strategies
to support overall system resilience.

2. Implement recommendations from previous Babson Source Water Management System
Report (2014) with respect to flow routing/reservoir partitioning, aeration and mixing to
improve raw water quality for Babson Reservoir.

3. Initiate monitoring program to baseline raw water quality and reservoir bathymetry.
Conduct further evaluation and conceptual design of system to capture the spill from
Fernwood or diverting flow from Fernwood directly to Wallace Reservoir to improve the
systembébs overall resiliency.

5. Develop and implement written protocols for pre-storm event reservoir drawdown to

mitigate impacts from spill events.
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Longer Term Actions:

6.

Initiate pilot testing for treatment technologies under various source surface water
blending scenarios with intent to operate under a non-seasonally influenced withdrawal
regimen by balancing drawdown between the East and West Systems.

Evaluate potential raw water transfer options between the East and West Systems.
Evaluate (and or compile existing evaluations) of hydraulic capacity of all spillways and
controlled outlet pathways to determine if they are operating near their current capacity
and if there are opportunities to improve flow capacities through maintenance and repair.
Based on results of hydraulic analysis, re-visit written protocols and operating rules for
pre-storm event drawdown to mitigate impacts from spill events.

Watershed Management (all Near Term Actions):

1.

Employ forest and wildlife management strategies to mitigate the potential for wildfire and
negative impacts to water quality. Strategies should be prioritized in the near-term based
on historic frequency of wildfire and criticality of the water supply reservoir in meeting
demand under current operations. In the future, strategies should target specific areas
and should be prioritized based on risk following the development of a robust framework.
(Note that the DPW is currently researching grant opportunities to fund forest and wildlife
management efforts.)

Although it was not specifically studied in the context of incidence frequency or extent of
impact, improved access for emergency response and firefighting activity within the
watershed areas can also support mitigation through reduced burn acreage.

Pursue regional opportunities with neighboring communities to leverage watershed
management across municipal boundaries.

Conduct a watershed-specific inventory of forest health to provide a baseline of current

conditions and identify site-specific recommendations
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2 PROJECT DESCRIPTION

The City of Gloucester (the City) watresiienceampl y sy

guality of life. The water supply system is composed of reservoirs, transfer pumping stations,
dams, intake structures, water treatment facilities and distribution system. The City is located on
the Cape Ann peninsula and has water supply with little opportunity for localized surface or
groundwater expansion. Its sources depend upon surface drainage from small watersheds to the
existing reservoirs. The City does not own or operate any groundwater facilities.

The Municipal Vulnerability Preparedness Program (MVP) is a Commonwealth of Massachusetts
initiative to provide cities and towns with the tools to create a more resilient community. Through
the initial MVP planning process, the City identified their water supply as a vulnerable asset that
warranted further study. This report summarizes that subsequent study to assess the risks posed
by climate change to the City water supply, and the land that supports it, and identify management
alternatives.

This study was funded through a Commonwealth of Massachusetts MVP Action Grant. The
purpose is to develop a climate change ri sk
water supply and reservoir system, including its watersheds. The project assessed the potential
impacts of long-term climate change on the system including from drought, increased
temperature, extreme precipitation, wildfire and combinations of these hazards. It also evaluated
the effectiveness of different management, operational, and infrastructure strategies to mitigate

the identified risks to water supply reliability.

The City sought to answer the following fundamental questions:
1) Based on historic climate conditions, what are the current risks in Gloucester related to

water supply and wildfire?
2) What range of future climate conditions can we expect in Gloucester?
3) How could potential future climate conditions affect the risks to water supply?
4) What management alternatives can be applied or considered to reduce the risks of future

climate conditions adversely affecting water supply or wildfire potential?

asses
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To answer these questions, this study used a combination of historic data, Geographic
Information Systems (GIS) databases, and simulation models.

2.1 EXISTING WATER SUPPLY

The City supplies its residents and businesses with drinking water from six (6) active reservoirs
and three (3) water treatment plants, shown in Figure 1. These are al l |l ocated wi
limits, although part of the Babson watershed is located within the Town of Rockport on land
owned by Gloucester. The water supply system in Gloucester is divided into two systems (East
and West) separated geographically by the tidally influenced Annisquam River, which outlets to
the north into Ipswich and to the south into Gloucester Harbor. These two systems are:
A. The East System, shown in Figure 2, located east of the River and includes:
0 Three active reservoirs i Babson, Goose Cove, and Klondike.
Two water treatment plants (WTP) 1 the Babson WTP and Klondike WTP.
The Babson WTP can take water directly from Babson Reservoir by gravity at
lower flows, and with the Babson low lift pump station assistance at higher flows;
water is piped via gravity or with low lift pump station assistance from Goose Cove
Reservoir. It can also blend both waters and the Babson low lift pump station can
pump water to Goose Cove.

0 The Babson low lift pump station can pump from the Babson Reservoir to the
Goose Cove Reservoir with one or two pumps, and also supply the Babson WTP
with one pump and pump to Goose Cover with the other.

o The DPW operates the Babson Reservoir as a detention basin to minimize flooding
potential in Alewife Brook below the Dam spillway; to keep the reservoir level
several feet below the spillway in wet months they release water to the Babson
intake house to the spilling basin.

0 The East reservoirs have a larger collection area and more natural organic matter
than the West. The Babson WTP chemical usage to produce compliant water is
four times that of the West Gloucester WTP.

0 The East system storage volume when full is 474 million gallons (MG).

B. The West System, shown in Figure 3, located west of the river and includes:

0 Three active reservoirs 1 Dykes, Wallace, and Haskell.

o One inactive emergency reservoir i Fernwood.
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0 One water treatment plant 1 West Gloucester WTP.

0 The West Gloucester WTP can receive water directly from Dykes and Wallace
Reservoirs intake houses. Water from Haskell Reservoir must be first pumped
from Haskell to Dykes Reservoir for treatment at the West Gloucester WTP.
Wallace Reservoir water can also be pumped to Dykes Reservoir with the Wallace
pump station, and subsequently treated at the West Gloucester WTP.

0 The West storage volume when full is 1,091 million gallons (MG).

The typical reservoir and WTP operational scheme is as follows:

1. The City wuses approximately 1,300 MG of raw wa
potable water demand, with a maximum day 5 MG.

2. The East system with Babson WTP operates annually from December through
May. Compliant water can be made year-round at the Babson WTP with sufficient supply
including warmer higher demand summer months, as needed.

3.  The West system with West Gloucester WTP operates from June through November each
year. When the DPW starts operation in June with West system reservoirs full, they contain 84%
of the Cityo6s Wihmucehower atganits, irath,.and manganese levels, the second
distribution system disinfectant generally produces less potentially harmful disinfection by-
products, which aids compliance in summer months.

4, East and West: In an emergency, and with sufficient staffing, both plants can be operated
at the same time if needed to supply a neighboring community, annually each summer or in an
emergency.

5. Klondike WTP: Permitted with MassDEP as a satellite WTP, Klondike can operate with
limited staffing each day and be monitored remotely at the operational WTP. By contract, Veolia
is to operate the Klondike WTP each July and August. Currently the DPW is not operating the
Klondike WTP until the pond surrounding Bayview Auto Salvage is hydraulically separated from
the Klondike Reservoir.

6.  There is no raw water connection between the East and West Systems; finished water can
be transferred viathecirca-2 013 installed 2 x 200 fused PVC pipe
under the Annisquam River between the Water Pollution Control Facility (West Gloucester and
the Gloucester High School (Island side East Gloucester).
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West Gloucester WTP

Wallace Pond
Transfer Pump
3 MGD

Watershed Area: 0.67 sq. mi Watershed Area: 0.60 sq. mi

Haskell Pump
Station
3 and 8 MGD

Watershed Area: 0.69 sq. mi

Figure 21 East Water Supply Systems

Babson WTP
Low Lift Pumps

3.5 to 5 MGD

Transfer
Pumping
Station
5MGD

Watershed Area: 1.59 sq. mi Watershed Area: 0.68 sq. mi

Figure 31 West Water Supply Systems
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2.2 EXISTING LAND USE

Existing land use within the various watersheds is fairly consistent. Non-urbanized, forested land
under public and private ownership dominates the respective watersheds, as shown in Figure 4.
Forested wetlands and residential use are the next most prevalent land uses, although at
substantially smaller proportions.

Land Use (2005) within Gloucester Water Supply Subbasins

Legend

Land Use (2005)
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KLONDIKE'

3 @%‘w : B Commercial
B Forest
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Lol S I Transportation
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[ ] water
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£ & S 4,000
Source; MassGIS . : e T

Figure 41 Land Use within Gloucester Sub-Watersheds
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3 CURRENT CONDITIONS AND RISKS

3.1 Current Water Supply Risks

Based on the Cityés data, both the Hgovidadeguae
supply under current conditions. As shown in Figure 5, both reservoir systems refill within
acceptable recovery periods even after drought (such as experienced in 2016). Population
forecasts for Gloucester also indicate a likely downward trend. There are no clearly identifiable
reasons to assume supply will not be adequate in the near term.

Historic System Performance
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Figure 51 Historic Performance
3.2 Current Wildfire Risks
To betterunder st and how future ri sk of wildfire

sought to understand current wildfire risk. Fire events can lead to increased runoff and erosion
into drinking water supplies from loss of vegetation and groundcover (Becker, Hohner, Rosario-
Ortiz, & DeWolfe, 2018). In this analysis, debris flows, severe soil erosion, and other similar events

are referred to as landslides. Through a GIS-based analysis, Kleinfelder estimated wildfire and
erosion potential vulnerabilitesacr oss each of the Cit yadwelaw@ity-e r
wide based on existing conditions and historical data.
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A variety of data sources wer e us gwatetsteed valdfier act er i
vulnerability. These included historical data provided by Essex County and the City of Gloucester

Fire Department, topography, and land use. The team developed a fire regression model that

was used as an input to the landslide risk regression model. These analyses and the relationships

are depicted in Figure 6. Detail regarding the fire risk analysis methodology is provided in

Attachment C.

Watershed Reduce Fire and
Management Goal Landslide Risk

Quantify the risk of fire and landslide events to watershed areas through regression models

Fire Risk Landslide Risk
Model Model
i i Preceding Fire | ' . .
Fire History ‘ ‘ Topography ‘ ‘ Land Use ding Landslide Risk
. 4 S A \ A Trlger
Gloucester Fire : \
Elevation
Department Land Cover
(1998-2018) Fire Risk Lall'\dshde
slope Normalized Model Incidence/
Essex County Difference Susceptibility
(2001-2018) Compound Vegetation Index (2018 State Hazard
Topographic Index Mitigation Plan)
Aspect

Figure 61 Fire and Landslide Model Analyses

A map illustrating resulting risk values across the study area is provided in Figure 7. High risk
areas are in red while areas of lower fire risk are green. Areas shown in grey were excluded from
these calculations.

The analysis shows that much of the areas that are at highest risk of fire, shown in red, are located

outside of the water supply watersheds. Nevertheless, an average risk score was calculated for
each watershed area individually to prioritize mitigation actions/strategy based on risk.
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Figure 71 Relative Fire Risk Map

Table 1 shows the final rank of each watershed based on average risk scores by watershed and

ranks each watershed from highest (1) to lowest (6) average risk. Rank here is equated with

|l i kel i hood of a wildfire event, not to ther conseq
overall risk.

Table 1: Watershed Priority Rank Based on Historic Wildfire Incidents

Name of Water Supply Watershed Rank
Klondike Quarry 1
Wallace Pond 2
Babson Reservoir 3
Goose Cove Reservoir 4
Fernwood Lake 5
Haskell Reservoir 6 (tied)
Dykes Meadow 6 (tied)
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